Alteration of the host rocks is similar to other sediment-hosted, disseminated gold deposits but at lower alteration mineral abundances. Kaolinitc and illitc comprise less than 10 percent of the altered rock. Silicification is minor, barite is rare, and pyrite and marcasite are common, but not abundant. Trace As, Sb, Hg, T1, and Ba shmv pronounced increase.
Introduction
DISSEMINATED gold deposits of the xvestern United States occur in volcanic rocks where they are related to volcanic or subvolcanic activity, near porphyry copper deposits where they are related to the porphyry system, or in sedimentary rocks such as Carlin-type deposits. These Carlin-type deposits typically occur in silt}/dolomite and limestone (Bagby and Berger, 1985) , but siltstone, sandstone, conglomerate, argillite, and interbedded ehert and shale host rocks are also known (Percival et al., 1988) . Some Carlin-type deposits are spatially associated with felsie to intermediate dikes and other intrusive igneous rocks, but genetic relationships to igneous activity are not dear (Percival et al., 1988) .
Recent work on Carlin-type deposits has focused on the geochemical characteristics of the ore-forming fluid using fluid inclusion, isotopic, and geochemical studies (Kuehn, 1989 ; Bagby and Cline, 1991; Hofstra et al., 1991; Kuehn and Rose, 1995) . These studies indicate depths of formation greater than 1 km, precluding formation in the "epithermal" environment. Age determinations on illites from sedimentary and igneous rocks at Mereur and Post-Betze, although inconclusive, support a Mesozoic age of formation and not an age related to Cenozoic igneous activity (Wilson and Parry, 1990; Arehart et al., 1993) . Maher et al. (1993) used spatial associations with igneous rocks and geologic arguments to limit the age of sediment-hosted gold mineralization in the Battle Mountain-Eureka trend, Nevada, to pre-middle Miocene. They related the diverse types of gold mineralization to magmatie pulses during the Mesozoic and Cenozoic; however, they concluded that the gold soume was not igneous activity.
The Oquirrh Mountains occur within the area of overlap between the Basin and Range extensional province and the Cordilleran fold and thrust belt (Armstrong, 1968 The Bingham mining district includes a large, gold-rich, porphyry copper deposit and spatially associated lead-zincsilver deposits that are related to the Bingham intrusive igneous complex. The emplaeement of igneous rocks at Bingham was controlled by northwest-trending fold axes and northeasttrending faults (James et al., 1961; Moore, 1973; Lanier et al., 1978) . The Bingham district contains two major northwesttrending folds, the Bingham syncline and the Copperton antidine, which are separated by the north-vergent Midas thrust fault (Fig. 3) . The Bingham stock intruded the axis of the Bingham syncline (Rubright and Hart, 1968) .
The majority' of the mineralized veins and lodes in the Bingham district have a northeast strike; northwest-trending faults are generally barren and formed after initial movement of the northeast-trending faults (Boutwell, 1905) . Mineralization of the northeast-trending faults requires that they were active before or during mineralization which occurred at 39.8 to 38.8 Ma (Warnaars et al., 1978) . Presnell (1992a and b) has proposed that the northeast-trending extensional faults are late Eocene, and the northwest-trending faults are Miocene to Recent. The Bingham stock was emplaeed during the late Eocene extensional tectonic event and was partly controlled by preexisting compressional structures.
At Barneys Canyon, Pennsylvanian and Permian strata, dominated by the upper portion of the Bingham sequence (Fig. 2) , are deformed by the Copperton antidine, the North Oquirrh thrust, and north-and northeast-trending normal and strike-slip faults (Fig. 4) (Fig. 4) . The Verona fault is a northstriking, east-dipping normal fault with some sinistral movement on the west limb of the Copperton antidine (Figs. 3 and 4).
The Meleo Gold Deposit
The Bingham mining district also contains the Meleo sediment-hosted gold deposit. The deposit occurs on the west hinge of the Copperton antidine. Gold mineralization is localized along steeply dipping, N 55 ø E-striking fault breedas in the Kirkman-Diamond Creek formation at the contact with the underlying Freeman Peak formation (Gunter et al., 1990 The Barueys Canyon thrust cuts up section from the main host dolomite to the northeast where the intercalated cherty dolomite and siltstone are repeated (Fig. 5A) . In the mine, the exposure of the thrust is a thrust ramp. Hanging-wall and footwall cutoffs of the phosphate horizon give a minimum displacement of 213 m. Kinematic indicators show that hanging-wall movement is southwest to northeast (Presnell, 1992a) . The thrust and the stratigraphy dip 20 ø to 40 ø to the northeast and strike 300 ø to 310 ø. A ramping thrust generally dips 20 ø opposite the direction of transport (Serra, 1977) indicating that the Barneys Canyon thrust was rotated 55 ø northeast during growth of the Copperton antidine and must predate the Copperton antidine (Presnell, 1992a) .
North-to north-northeast-striking normal faults are, from west to east, the West fault, the Phosphate fault, and the East fault (Fig. 5A) . These fhults form a graben in which the gold deposit is located. Several minor (<1 m of offset) east-weststriking faults occur within the ore zone, and the deposit is bounded on the north and south by east-west-striking faults. 
Hydrothermal Mineralization
Hydrothermal minerals are less abundant at Barneys Canyon than at other sediment-hosted disseminated gold deposits. Hydrothermal effects on the host rock include decalcification, silicification, and argillization. The distribution of clay, calcite veins, silicification, Fe-Mn oxides, and barite occurrences were mappable in the pit and will be discussed in conjunction with the paragenesis. Oxidation of the deposit is 'almost complete, and hypogene and supergene mineralization could not be completely differentiated during mapping. For purposes of discussion we have divided our description of hydrothermal minerals into host-rock alteration and gold and sulfide mineralization. Silicification of host rock is a minor but early form of hydrothermal mineralization. Silicification textures include quartz overgrowths on detrital quartz and small jasperoids. The discovery outcrop of the deposit was a small (1 x 0.5 m) jasperoid located 100 m above the northwest edge of the orebody (Fig. 6A) . Silicification of dolomite is also present along the sandstone-dolomite contact at the southern edge of the deposit and adjacent to the West fault. Several jasperoids were found on the 6440 level in the upper part of the main host dolomite. These jasperolds were smoky gray, veined with quartz, and sometimes brecciated. In the upper levels above the southern part of the deposit, chert is often preferentially replaced or recrystallized. These altered chert bodies appear smoky gray and are cut by quartz veins in contrast to their normal black appearance in unaltered rocks. Zoning of illitc to kaolinitc ratios has been determined from X-ray diffraction analysis of 129 composite samples from two drill hole fences, as well as samples from several holes north of the deposit, all shown in Figure 7 . The fences coincide with the geologic cross sections shown in Figure 5B and C.
In the northwest-southeast section, parallel to sedimentary strike (Fig. 5By , the variation in illite/kaolinite does not correspond to the orebody and is only roughly parallel to stratigraphy on the eastern side. The illite/kaolinite can be contoured with subhorizontal zones greater than 2.0 alternating with parallel zones less than 2.0 which suggests that there are alternating zones of kaolinite-and illite-rieh alteration that conforms crudely to bedding. In the southwest-northeast section, parallel to sedimentary dip (Fig. 5C ), illite/kaolinite variation is roughly subparallel to stratigraphy and erndely mimics the orebody outline. A zone of illite/kaolinite greater than 2.0 within the orebody outlines the orebody shape and narrows adjacent to the East fault. Below this zone and continuing beloxv the orebody is an area that has illite/kaolinite less than 2.0. These variations suggest that the core of the orebody is illite rich and is surrounded by a zone that contains more kaolinite. Drill hole BC-91 shows an illite/kaolinite reaching a maximum value of 2.9 nearly coincident with the maximum gold concentration in the ore (Table 2) Illitc crystallinity of 0.4 crudely mimics the orebody outline in strike section (Fig. 5B) . The erystallinity index increases toward the core of the orebody, particularly within the dolomite adjacent to the East fault. In the dip section, the 0.4 contour outlines the orebody with inward increasing values of the crystallinity index (Fig. 5C ). Samples from drill hole BC-91 have crystallinity indices of 0.13 to 0.5. The highest value of 0.5 is coincident with the highest gold value with a second high value in the dolomitic sandstone beneath the ore ( Table 2 ). The illitc crystallinity index is inversely proportional to temperature (Weaver, 1961 (Weaver, , 1984 Kubler, 1967 Arsenic sulfides have a limited oeeurenee at Barneys Canyon. Orpiment is rarely observed in drill core where it appears as a yellow dusting on the outside of the core. One core sample contains euhedral orpiment crystals. An arsenate mineral, possibly pharmaeosiderite, was recognized in sandstone. Most of the hydrothermal pyrite, mareasite, and orpiment was deposited after argillization and before calcite.
Micron and submicrometer gold beads were found by S.A. Williams (pers. eommun., 1987) wedged between dolomite grains and imbedded in illitc. Williams (pers. eommun., 1987) concluded that this was supergene gold because of its paragenetie relationship to iron oxide. E.U. Petersen (pers. eommun., 1989) used electron microprobe analysis to identify gold associated with fine-grained quartz and iron oxide.
Gold ore distribution
The orebody at Barneys Canyon trends northwest and dips to the northeast (Fig. 5B and C) . The orebody appears nearly strata bound in strike section, but the dip of the orebody is 10 ø to 15 ø shallower than bedding.
Nearly 90 percent of the orebody occurs beneath the lower plate dolomitic siltstone (Gunter et al., 1990) within the main host dolomite, but towards the southern end of the deposit, the sandstone becomes the major host. Some of the highest grade mineralization occurs at the contact between sandstone and dolomite. Gold grades increase from background to ore grade at the contact between dolomitic siltstone and the main host dolomite. A simplified blast hole assay contour map (Fig.  8) shows that the gold-grade trends are coincident with the strike of the beds.
Assay samples taken in and adjacent to the West fault show that the West fault is an ore-controlling structure, but the blast hole assay map shows that the West fault offsets gold mineralization (Fig. 8) . Deep drilling in the bottom of the ore zone shows that gold mineralization is only present adjacent to the West fault. Therefore, the West fault is an orecontrolling structure that was reactivated following gold mineralization. Fault gouge in the Phosphate fault is of a consistently higher grade than the wall rock. The Phosphate fault offsets gold mineralization in that ore is juxtaposed against barren rock of similar lithology (Fig. 8) A pressure-temperature diagram (Fig. 10) A statistical summary of all the trace element data is presented in Table 3 . The original analyses on which this summary is based are available from the authors on request. Modes were visually determined from histograms. Absolute background levels were not determined in this study because all of the Park City Formation at Barheys Canyon is altered to some degree, and it was not possible to analyze unaltered rock for comparison. In order to evaluate enrichment or depletion, the background was assumed to be equal to the mode as suggested by Levinson (1980) . Average trace element abundances (Clark values) presented by Levinson (1980) were used for comparison and are also listed in Table   3000 
Geochronology
Two <4-/_•m-particle-size separates from two illRe-rich, bedding-parallel veins were dated by the K-At method. Sample BC-I was collected from a 2-to 4-cm-thick, white gougelike material at the sandstone dolomite contact (Fig.  5A) . The sample contained illitc, quartz, and carbonate with a minor amount of kaolinRe. The illRe texture in thin sections consists of illitc flakes interwoven in an irregular, unoriented fashion within an irregular vein (Fig. 6B and C) . The sample also contained 1.5 g/t gold and elevated As, Ba, Sb, Hg, and T1 and is from within the main orebody (Fig. 5a) . Sample 6460-I was obtained from a bedding-parallel, veinlike, illitc concentration in the lower part of the main orebody (Fig. (Sillitoe, 1988) , most of the gold occurs in the chalcopyrite and bornitc zones (Jones, 1992) 
